Introduction
============

Lumbar spinal stenosis (LSS) is a common condition in the elderly,[@b1-jpr-11-455]--[@b4-jpr-11-455] and there have been several studies in clinics or hospitals on its time course.[@b5-jpr-11-455]--[@b12-jpr-11-455] Although clinical symptoms in such settings are usually expected to be more severe in comparison to those in a community setting, these studies have reported that LSS symptoms did not progress in approximately half of the patients who received conservative treatment. On the other hand, only a few reports exist on the time course of LSS in a regional community. In 2013, we reported a cross-sectional study on the relationship between LSS symptoms and quality of life (QoL) in community-dwelling individuals.[@b4-jpr-11-455] The purpose of the current study was to clarify any changes in LSS and prognostic factors of LSS at the one-year follow-up in the same community-dwelling cohort.

Participants and methods
========================

This study was approved by the ethics committee of Fukushima Medical University.

Participants
------------

In 2004, 1,754 people (636 males and 1,118 females) aged 40 or older agreed to be interviewed and to participate in this study. Participants were recruited from the respondents to an announcement of assessment of LSS that was part of a public health survey being conducted by their local governments. All participants were self-sufficient (living in their own houses without the need for supplemental care and walking independently with or without support such as a cane or a walker).[@b4-jpr-11-455] A year later, in 2005, 1,080 participants (375 males and 705 females) could be followed-up and re-interviewed (followup rate 61.6%). These participants comprised 15.9% of the combined local population of Tadami town, Tateiwa village, and Ina village in Fukushima Prefecture, Japan. Those conducting follow-up interviews were blinded to baseline data. Both, in 2004 and 2005, all participants provided written informed consent.

Assessment
----------

The presence of LSS was determined by a validated LSS diagnostic support tool, which is a self-administered, self-reported history questionnaire (LSS-SSHQ, [Figure S1](#SD1-jpr-11-455){ref-type="supplementary-material"}).[@b13-jpr-11-455] The 36-Item Short Form Health Survey (SF-36) (Japanese version)[@b14-jpr-11-455]--[@b16-jpr-11-455] and the Roland--Morris Disability Questionnaire (RDQ; Japanese version)[@b17-jpr-11-455]--[@b19-jpr-11-455] were also used to measure general health-related QoL (HR-QoL) and low-back pain-related QoL (LBP-related QoL), respectively. Higher RDQ scores mean worse LBP-related QoL. The LSS-SSHQ, SF-36, and RDQ scores were collected by each questionnaire in 2004 and 2005. Six experienced public health nurses asked all participants in the 2004 interview whether they had received treatment for hypertension, cardiovascular disease, cerebrovascular disease, respiratory disease, or diabetes mellitus as comorbidities. In addition, all participants were assessed for their smoking status, and their pack-years were calculated.

We assessed depressive symptoms using the mental health (MH) scores from the SF-36, based on the four grades suggested by Yamazaki et al.[@b20-jpr-11-455] An MH score of \<52 was considered severe, 52--59 as moderate, 60--67 as mild, and ≥68 as none.

Ten experienced orthopedic surgeons assessed the presence of osteoarthritis (OA) of the knee and hip using Altman's criteria.[@b21-jpr-11-455],[@b22-jpr-11-455] To achieve better accuracy, before the assessment, an investigator provided all physicians guidance on how to judge the presence of hip and knee OA using Altman's criteria.[@b4-jpr-11-455]

Inclusion/exclusion criteria
----------------------------

Participants aged 40 and older were considered eligible for this study, including those with a history of cerebral infarction or bleeding. Participants were excluded if they were unable to walk independently, fill out questionnaires due to visual impairment, had ever undergone brain or spinal surgery, or had experienced a fracture of the lower extremities in the year preceding the start of the study period.

Statistical analysis
--------------------

The Mann--Whitney *U* test was used to analyze the difference or change of RDQ score and eight SF-36 components between those who were clinically diagnosed as the LSS (LSS-positive) group and those who were not (LSS-negative) at the beginning and end of the one-year period. Related factors of LSS were analyzed using data collected in 2004 through multiple logistic regression analysis. Furthermore, predictive factors for the development of LSS in 2005 were examined using the same analysis with the following independent variables: gender, age, body mass index (BMI), RDQ score, knee OA, hip OA, treatment for hypertension, cardiovascular disease, cerebrovascular disease, respiratory disease, diabetes mellitus, smoking (pack-years), and depressive symptoms.

Risk ratios of the occurrence of LSS-positive at the one-year follow-up were estimated by comparing participants who answered "yes" to one or more of Q1--6 in the LSS-SSHQ (excluding those who were diagnosed as LSS-positive) and those who gave no positive answers. Questions 1--6 in the LSS-SSHQ evaluate leg symptoms (characteristics of leg pain and numbness).

All statistical analyses were conducted using the StatView software package (version 5.0; SAS Institute Inc., Cary, NC, USA). A *p*-value of less than 0.05 was considered indicative of statistically significance.

Results
=======

Participants
------------

Age, gender, BMI, as well as prevalence of knee and hip OA, comorbidities, smoking, and depression were proportionally similar between the 1,754 participants in 2004 to those of the 1,080 participants followed-up in 2005 ([Tables 1](#t1-jpr-11-455){ref-type="table"} and [2](#t2-jpr-11-455){ref-type="table"}). The follow-up rate was 61.6%.

Time course of LSS-positive and LSS-negative groups
---------------------------------------------------

With regard to the 1,080 participants who underwent the assessment, both in 2004 and 2005, 269 subjects (25%) fell in the LSS-positive group and 811 (75%) in the LSS-negative group in 2004; however, in 2005, 207 subjects (19%) fell in the LSS-positive group and 873 (81%) in the LSS-negative group. In 2005, 124 of the 269 subjects (46%) in the LSS-positive group were still categorized into the LSS-positive group, whereas 145 subjects (54%) were categorized into the LSS-negative group. Among these 145 subjects, only 49 answered negatively to all 10 of the LSS-SSHQ questions, and 96 had some positive symptoms but did not meet the criteria for being clinically diagnosed as LSS by the LSS-SSHQ. On the other hand, 728 of the 811 subjects (90%) in the 2004 LSS-negative group remained in the LSS-negative group in 2005, whereas the remaining 83 subjects (10%) were re-categorized into the LSS-positive group ([Figure 1](#f1-jpr-11-455){ref-type="fig"}). The time-course pattern of the LSS-positive group varied with age. For example, the prevalence of LSS decreased (LSS-positive in 2004 and LSS-negative in 2005) by approximately 50% in subjects in their 60s and 70s, which was much lower than that in subjects in their 50s and 80s. However, the prevalence of LSS-positive in octogenarians was much higher than in any other age (21.2% in 80s vs 2.5%--10.0% in other decades; [Table 3](#t3-jpr-11-455){ref-type="table"}). There was no statistically significant relationship between gender and the time course of the LSS-positive and LSS-negative groups (data not shown).

No lumbar operations were undertaken during the one-year period.

Changes in LBP-related QoL with time course of LSS-positive and LSS-negative groups
-----------------------------------------------------------------------------------

The RDQ score in the LSS-positive group was much higher than in the LSS-negative group (LSS-positive: 7.2 ± 5.7, LSS-negative: 2.6 ± 4.0, *p* \< 0.0001) in 2004. However, in subjects who switched from the positive to the negative group in 2005, the RDQ score improved to 4.2 ± 5.0 (*p* \< 0.0001; [Table 4](#t4-jpr-11-455){ref-type="table"}). Similarly, in subjects who moved from the negative to the positive group in 2005, the RDQ score worsened (2.6 ± 4.0 in 2004, 4.9 ± 5.4 in 2005, *p* \< 0.0001; [Table 3](#t3-jpr-11-455){ref-type="table"}). The RDQ score of subjects who remained in the same group in 2005 did not show any change ([Table 4](#t4-jpr-11-455){ref-type="table"}). This supports the RDQ as being able to assess the relationship between improvement and worsening of LSS-positive and LSS-negative and the improvement and worsening of LBP-related QoL.

From a time-course point of view, those with LSS-negative in 2005 showed a statistically lower RDQ score in 2004 (6.2 ± 5.3) than those who were LSS-positive in both 2004 and 2005 (8.3 ± 5.9; *p* = 0.0021; [Table 5](#t5-jpr-11-455){ref-type="table"}). Subjects who were LSS-positive in 2005, but negative in 2004, showed a statistically higher RDQ score in 2004 (4.0 ± 4.4) than those who were LSS-negative in both 2004 and 2005 (2.5 ± 3.9; *p* = 0.0011; [Table 5](#t5-jpr-11-455){ref-type="table"}).

Changes in HR-QoL with time course of LSS-positive and LSS-negative groups
--------------------------------------------------------------------------

In the present study, contrary to the LBP-related QoL, changes in HR-QoL did not correlate with changes in the clinically diagnosed LSS. Among subjects with LSS-negative in 2005 from an LSS-positive in 2004, six of the eight components of SF-36 worsened. Exceptions were general health (GH) and MH, which improved together with LSS symptoms. Similarly, among subjects who were LSS-positive in both 2004 and 2005, the same six of eight SF-36 components worsened ([Table 6](#t6-jpr-11-455){ref-type="table"}). These findings suggest that, once LSS symptoms appear, HR-QoL worsens regardless of whether LSS symptoms improve or persist. This is supported by the fact that there was no statistical difference in the HR-QoL between subjects who were LSS-positive in both 2004 and 2005, and those who were LSS-positive in 2004 but negative in 2005 ([Table 7](#t7-jpr-11-455){ref-type="table"}).

With regard to those who were LSS-negative in 2004, but LSS-positive in 2005, the same six of the eight SF-36 components statistically worsened ([Table 6](#t6-jpr-11-455){ref-type="table"}). There was a statistically significant difference in five components other than GH, social functioning (SF), and MH in 2004 between subjects who were LSS-negative both in 2004 and 2005 and those who were LSS-negative in 2004, but positive in 2005 (*p*\<0.0020--0.0472; [Table 7](#t7-jpr-11-455){ref-type="table"}). These results indicate that, when LSS symptoms occur, HR-QoL may worsen; however, HR-QoL may have already been lower prior to the appearance of clinically diagnosable LSS. Subjects who remained LSS-negative at the one-year follow-up showed statistically improved GH and MH, as well as statistically worsened vitality (VT; [Table 6](#t6-jpr-11-455){ref-type="table"}). These findings imply that continuing to remain LSS-negative might not affect the HR-QoL status.

Related factors, predictive factors, and risk ratio of leg symptoms for LSS-positive subjects
---------------------------------------------------------------------------------------------

The RDQ score, knee OA, cerebrovascular disease, and smoking were suggested to be related factors of LSS-positive status in a cross-sectional analysis in 2004 ([Table 8](#t8-jpr-11-455){ref-type="table"}). LSS-positive status and higher RDQ score (lower LBP-related QoL) at the initial analysis were detected as predictive factors of LSS-positive at the one-year follow-up ([Table 9](#t9-jpr-11-455){ref-type="table"}). With regard to the risk of LSS development at the one-year follow-up in the LSS-negative group in 2004, subjects who answered "yes" to one or more of questions 1--6 in the LSS-SSHQ (excluding those who were diagnosed as LSS) had 3.4 times higher risk than those without positive answers ([Table 10](#t10-jpr-11-455){ref-type="table"}).

Discussion
==========

The prevalence of LSS increases with age, which is to be expected as most LSS cases are caused by degenerative change (acquired stenosis).[@b23-jpr-11-455]--[@b28-jpr-11-455] In addition, LSS symptoms have a strongly negative influence on QoL, compared with other comorbidities such as hip and knee OA (in musculoskeletal disorders), respiratory diseases, diabetes mellitus, cardiovascular diseases, cerebrovascular diseases, and hypertension.[@b4-jpr-11-455],[@b23-jpr-11-455] Although LSS symptoms are an important issue in healthcare, details of the natural course of LSS symptoms remain unclear.

The present study showed the time course of clinically diagnosed LSS over 1 year in an elderly community-dwelling population. Symptoms of more than half of the subjects in the LSS-positive group improved during the study period. On the other hand, 10% of subjects in the LSS-negative group developed clinically diagnosed LSS after the one-year period.

Our results suggest that LBP-related QoL improves or worsens in relation to changes of LSS-positive/negative status according to the RDQ and certain components of the SF-36. Subjects with LSS-positive status and slightly disturbed QoL may show improvement within a year; however, those who are LSS-negative but have disturbed QoL may develop LSS within the same period. In a recent report on patients with moderate LSS symptoms, during an average follow-up period of 3.3 years, spontaneous improvement was observed in pain and health-related quality of life, but not in walking.[@b31-jpr-11-455] In the current study, Q2 of the LSS-SSHQ evaluated walking capacity (Q2: Numbness and/or pain increases in intensity after walking for a while, but are relieved by taking a rest). The percentage of subjects who answered positively to Q2 at the one-year follow-up was 46% (143/309) of those who initially answered positively to the same question (data not shown). More than half of these subjects might show improvement in walking. In addition, none of the subjects had undergone surgery for LSS during the one-year follow-up period. One of the reasons why changes in walking capacity were different between the two studies might be attributed to the difference in LSS symptom severity and/or disturbed QoL status. Nevertheless, the most important fact emerging from these studies is that some LSS-related symptoms are changeable.

The present study was not fully successful in describing related or predictive factors of clinically diagnosed LSS. Several comorbidities, such as diabetes mellitus and hypertension, may possibly be related and can be predictive factors[@b29-jpr-11-455],[@b30-jpr-11-455]; however, there was no statistical significance to suggest this in the present study. A long-term follow-up study is required to clarify whether these comorbidities truly are predictive factors. Furthermore, knee OA may be a predictive factor, although it should be noted that results of the LSS-SSHQ may have included symptoms of knee OA. This issue should also be resolved in a long-term follow-up study.

Limitations
===========

There were several limitations to the present study.[@b4-jpr-11-455] First, our research was carried out in a mountainous, rural area, and the participants of this study were volunteers. The follow-up rate of 61.5% was not high. Moreover, although age was proportionally similar in the 1,754 participants in 2004 to those of the 1,080 participants followed-up in 2005, males were statistically fewer at the follow-up (*p* \< 0.01, 636/1754=36.3%, and 207/1080=19.2% in 2005). These factors suggest the possibility of selection bias. For example, there might be a possibility that subjects with worsening of LSS symptoms and walking ability dropped out by the one-year follow-up. The second limitation is that clinically diagnosable LSS was defined by the LSS-SSHQ. According to a validation study, the sensitivity and specificity of the LSS-SSHQ was 84% and 78%, respectively. False positives were suspected in approximately 20% of the LSS-positive results.[@b13-jpr-11-455] Moreover, the reliability and sensitivity of LSS-SSHR over the years are not confirmed. The third limitation is that the reliability of knee and hip OA judgment between physicians was not assessed. Fourth, in the current study, we only assessed the presence of knee and hip OA, but not their severity -- for example, by pain intensity measurement or imaging findings. Severity assessment might have enabled us to predict the presence of clinical LSS symptoms. Fifth, we did not assess changes in comorbidities during the one-year follow-up period. Sixth, vascular claudication was not evaluated in this study. However, 420 of the 1,754 subjects (129 males and 291 females, the average age: 64.6±10.9, ranging from 40 to 87) underwent ankle--brachial pressure index (ABPI) in 2004, and only two of the 420 (0.4%) showed an ABPI less than 0.9 (data not shown). It is likely that the proportion of people with vascular claudication in this research domain might be so small that the presence of vascular claudication did not affect the results of this study. Finally, although the present study tried to focus on the natural history of LSS symptoms, information on the treatment of LSS -- such as medication, physical therapy, or epidural injection -- was not collected. In spite of these limitations, the present study is still helpful because, to our knowledge, this is the largest prospective study reported using a validated diagnostic tool and outcome measures, in terms of the time course of clinically diagnosed LSS in a regional community. Further studies are required to investigate the natural course of LSS through long-term follow-up, and to determine risk factors for the maintenance of health among the elderly in the community.

Conclusion
==========

More than half of the subjects in the current study clinically diagnosed with LSS-positive showed an LSS-negative at the one-year follow-up, and 10% of those who were clinically negative for LSS in the initial analysis developed LSS- positive within one year. Our study shows that a relationship exists between the improvement and worsening of LSS symptoms and the improvement and worsening of LBP-related QoL; however, certain, but not all, components of HR-QoL were evaluated by the SF-36.
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![Time course of LSS-positive and LSS-negative groups.\
**Notes:** LSS-positive group in 2004: 46% remained LSS-positive group in 2005, whereas 54% were reclassified as the LSS-negative group. On the other hand, 90% of the LSS-negative group in 2004 were still in the LSS-negative group in 2005, with the other 10% being reclassified as LSS-positive group.\
**Abbreviation:** LSS, lumbar spinal stenosis.](jpr-11-455Fig1){#f1-jpr-11-455}

###### 

Proportion of participants in 2004 (initial assessment) and in 2005 (one-year follow-up) by age groups

  Age in 2004 (years)   All participants in 2004 (n = 1754)   Participants followed-up in 2005 (n = 1080)                            
  --------------------- ------------------------------------- --------------------------------------------- ------------ ----- ----- ------------
  40--49                58                                    75                                            133 (7.6)    18    27    45 (4.2)
  50--59                92                                    162                                           253 (14.4)   36    94    130 (12.0)
  60--69                183                                   356                                           539 (30.7)   114   232   346 (32.0)
  70--79                234                                   421                                           655 (37.3)   154   295   449 (41.6)
  ≥80                   69                                    105                                           174 (9.9)    53    57    110 (10.2)

**Note:** There was no difference in proportion by age and gender between participants in the initial and one-year follow-up groups.

###### 

Demographic data in the 2004 and 2005

  Category 1            Category 2       2004       2005
  --------------------- ---------------- ---------- ---------
  Gender                Male:female      636:1118   375:705
  BMI (kg/m^2^)         \<18.5           88         47
  18.5--25.0            1042             656        
  25.1--30.0            451              286        
  ≥30.1                 37               19         
  Knee OA               Positive         531        364
  Hip OA                Positive         84         55
  Comorbidities         Respiratory      8          7
  Diabetes mellitus     79               46         
  Cardiovascular        163              108        
  Cerebrovascular       28               18         
  Hypertension          598              396        
  Smoking               Pack-years ≥20   336        199
  Depressive symptoms   Severe           208        118
  Moderate              141              88         
  Mild                  201              130        
  None                  1195             738        

**Note:** Proportions of almost all demographic data in 2004 and 2005 were similar except for respiratory disease.

**Abbreviations:** BMI, body mass index; OA, osteoarthritis.

###### 

Time course of LSS-positive and LSS-negative by age group

  Age in 2004 (years)   Time course of LSS                                              
  --------------------- -------------------- ----------- ----- ----------- ------------ -----
  40--49                3 (60)               2 (40)      5     1 (2.5)     39 (97.5)    40
  50--59                5 (27.8)             13 (72.2)   18    10 (8.9)    102 (91.1)   112
  60--69                37 (51.4)            35 (48.6)   72    26 (9.5)    248 (90.5)   274
  70--79                61 (46.9)            69 (53.1)   130   32 (10.0)   287 (90.0)   319
  ≥80                   18 (40.9)            26 (59.1)   44    14 (21.2)   52 (78.8)    66

**Notes:** There was no tendency for improvement from LSS-positive in 2004 to LSS-negative in 2005 with age. On the other hand, the prevalence of LSS-positive in 2005 from LSS-negative in 2004 increased with age.

**Abbreviation:** LSS, lumbar spinal stenosis.

###### 

Changes in LSS-positive/negative and RDQ(1)

  ----------------------------------------------------------
  LSS in\   RDQ score\   LSS in\    RDQ score\   *p*-value
  2004      (0--24)      2005       (0--24)      
  --------- ------------ ---------- ------------ -----------
  (+)       7.2 ± 5.7    (+)        8.3 ± 6.2    0.0823

  (−)       4.2 ± 5.0    \<0.0001                

  (−)       2.6 ± 4.0    (+)        4.9 ± 5.4    \<0.0001

  (−)       2.4 ± 4.1    0.1861                  
  ----------------------------------------------------------

**Notes:** Values are presented as mean ± SD. The RDQ score improved with an improvement from LSS-positive in 2004 to LSS-negative in 2005. Similarly, the occurrence of LSS-positive in 2005 from LSS-negative in 2004 increased with worsening of the RDQ score.

**Abbreviations:** LSS, lumbar spinal stenosis; RDQ, Roland--Morris Disability Questionnaire; SD, standard deviation.

###### 

Changes in LSS-positive/negative and RDQ(2)

  Changes in LSS symptoms   RDQ score in 2004   RDQ score in 2005               
  ------------------------- ------------------- ------------------- ----------- ----------
  (+)→(+)                   8.3 ± 5.9           0.0021              8.3 ± 6.2   \<0.0001
  (+)→(−)                   6.2 ± 5.3                               4.2 ± 5.0   
  (−)→(+)                   4.0 ± 4.4           0.0011              4.9 ± 5.4   \<0.0001
  (−)→(−)                   2.5 ± 3.9                               2.4 ± 4.1   

**Notes:** Values are presented as mean ± SD. In the LSS-positive group in 2004, the RDQ score of those with LSS-negative in 2005 was statistically lower than those who remained LSS-positive in 2005. Similarly, in the LSS-negative group in 2004, the RDQ score in 2004 was statistically higher in those with LSS-positive in 2005 than in those who remained LSS-negative in 2005.

**Abbreviations:** LSS, lumbar spinal stenosis; RDQ, Roland--Morris Disability Questionnaire; SD, standard deviation.

###### 

Changes in LSS-positive/negative and eight domains of SF-36(1)

  Eight domains of SF-36   LSS in 2004   Score         LSS in 2005   Score         *p*-value
  ------------------------ ------------- ------------- ------------- ------------- -----------
  PF                       (+)           68.6 ± 24.2   (+)           56.1 ± 26.8   0.0004
                                         (−)           62.4 ± 27.1   0.0531        
  (−)                      79.4 ± 21.0   (+)           68.7 ± 25.6   0.0003        
                                         (−)           78.4 ± 23.1   0.4812        
  RP                       (+)           52.5 ± 40.9   (+)           29.1 ± 35.9   \<0.0001
                                         (−)           39.3 ± 41.5   0.0144        
  (−)                      67.9 ± 38.9   (+)           49.6 ± 42.0   0.0006        
                                         (−)           66.5 ± 40.6   0.6056        
  BP                       (+)           57.4 ± 20.7   (+)           48.9 ± 21.1   0.0035
                                         (−)           52.2 ± 20.3   0.0520        
  (−)                      69.3 ± 23.2   (+)           53.1 ± 18.1   \<0.0001      
                                         (−)           68.3 ± 22.4   0.4613        
  GH                       (+)           53.4 ± 20.6   (+)           54.8 ± 23.5   0.5651
                                         (−)           59.7 ± 20.4   0.0052        
  (−)                      63.1 ± 20.0   (+)           60.9 ± 21.2   0.3752        
                                         (−)           66.3 ± 19.1   0.0014        
  VT                       (+)           64.6 ± 19.1   (+)           52.8 ± 21.3   \<0.0001
                                         (−)           55.6 ± 21.5   0.0007        
  (−)                      71.2 ± 19.1   (+)           59.3 ± 23.4   \<0.0001      
                                         (−)           68.1 ± 19.3   0.0116        
  SF                       (+)           84.8 ± 20.3   (+)           71.5 ± 27.7   \<0.0001
                                         (−)           76.8 ± 24.5   0.0040        
  (−)                      86.9 ± 19.1   (+)           77.3 ± 26.2   0.0004        
                                         (−)           84.6 ± 20.7   0.0712        
  RE                       (+)           60.4 ± 45.0   (+)           35.8 ± 42.8   0.0001
                                         (−)           41.3 ± 46.0   0.0016        
  (−)                      73.0 ± 39.7   (+)           53.1 ± 46.8   0.0004        
                                         (−)           68.7 ± 42.1   0.1033        
  MH                       (+)           71.2 ± 20.1   (+)           72.0 ± 19.6   0.7259
                                         (−)           74.9 ± 19.0   0.0846        
  (−)                      75.7 ± 18.9   (+)           79.5 ± 17.3   0.0919        
                                         (−)           77.9 ± 18.0   0.0238        

**Notes:** Values are presented as mean ± SD. As LSS-positive in 2004 changed to negative in 2005, of the eight components, only GH improved in a statistically significant manner. Contrarily, as LSS developed from negative in 2004 to positive in 2005, six of the eight components (PF, RP, BP, VT, SF, and RE) worsened in a statistically significant manner.

**Abbreviations:** LSS, lumbar spinal stenosis; SF-36, The 36-Item Short Form Health Survey; SD, standard deviation; PF, physical functioning; RP, role-physical; BP, bodily pain; GH, general health perception; VT, vitality; SF, social functioning; RE, role-emotional; MH, mental health.

###### 

Changes in LSS-positive/negative and eight domains of SF-36(2)

  Eight domains of SF-36   Changes in LSS symptoms   2004                        2005          
  ------------------------ ------------------------- ------------- ------------- ------------- --------
  PF                       (+)→(+)                   65.7 ± 25.7   0.1711        56.1 ± 26.8   0.1344
  (+)→(−)                  70.8 ± 22.8                             62.3 ± 27.1                 
  (−)→(+)                  73.3 ± 24.0               0.0275        68.7 ± 25.6   0.0026        
  (−)→(−)                  80.0 ± 20.6                             78.4 ± 23.1                 
  RP                       (+)→(+)                   52.4 ± 41.2   0.9809        29.1 ± 35.9   0.0967
  (+)→(−)                  52.5 ± 40.9                             39.3 ± 41.5                 
  (−)→(+)                  57.5 ± 38.5               0.0472        49.6 ± 42.0   0.0024        
  (−)→(−)                  69.0 ± 38.8                             66.6 ± 40.6                 
  BP                       (+)→(+)                   57.5 ± 20.3   0.9391        48.9 ± 21.1   0.2827
  (+)→(−)                  57.3 ± 21.1                             52.3 ± 20.3                 
  (−)→(+)                  60.3 ± 24.0               0.0022        53.1 ± 18.1   \<0.0001      
  (−)→(−)                  70.4 ± 22.9                             68.3 ± 22.4                 
  GH                       (+)→(+)                   51.0 ± 20.4   0.0809        54.8 ± 23.5   0.0925
  (+)→(−)                  55.4 ± 20.5                             59.7 ± 20.4                 
  (−)→(+)                  62.7 ± 20.4               0.8696        60.9 ± 21.2   0.0203        
  (−)→(−)                  63.1 ± 20.0                             66.4 ± 19.1                 
  VT                       (+)→(+)                   64.1 ± 19.6   0.8074        52.7 ± 21.3   0.4159
  (+)→(−)                  64.9 ± 18.8                             55.6 ± 21.5                 
  (−)→(+)                  63.6 ± 22.6               0.0020        59.3 ± 23.4   0.0015        
  (−)→(−)                  72.1 ± 18.5                             68.1 ± 19.3                 
  SF                       (+)→(+)                   85.3 ± 19.6   0.7591        71.5 ± 27.7   0.1864
  (+)→(−)                  84.3 ± 20.9                             76.8 ± 24.5                 
  (−)→(+)                  86.8 ± 18.5               0.9757        77.3 ± 26.2   0.0115        
  (−)→(−)                  86.9 ± 19.2                             84.6 ± 20.7                 
  RE                       (+)→(+)                   63.0 ± 44.6   0.5045        35.8 ± 42.8   0.4421
  (+)→(−)                  58.3 ± 45.4                             41.3 ± 46.0                 
  (−)→(+)                  56.5 ± 43.7               0.0021        53.1 ± 46.8   0.0087        
  (−)→(−)                  74.7 ± 38.9                             68.7 ± 42.1                 
  MH                       (+)→(+)                   70.8 ± 21.1   0.8038        72.0 ± 19.6   0.2456
  (+)→(−)                  71.4 ± 19.3                             74.9 ± 19.0                 
  (−)→(+)                  77.8 ± 18.7               0.2964        79.5 ± 17.3   0.4643        
  (−)→(−)                  75.5 ± 18.9                             77.9 ± 18.0                 

**Notes:** Values are presented as mean ± SD. In the initial LSS-positive group, no statistically significant difference was observed in any of the eight SF-36 components in 2004. At the one-year follow-up, no difference was observed although some LSS-positive subjects had become LSS-negative whereas the others remained LSS-positive. However, for subjects who were categorized as LSS-positive in 2005 but negative in 2004, five of the eight SF-36 components were significantly lower in 2004 when compared to subjects who remained LSS-negative in 2005.

**Abbreviations:** LSS, lumbar spinal stenosis; SF-36, The 36-Item Short Form Health Survey; SD, standard deviation; PF, physical functioning; RP, role-physical; BP, bodily pain; GH, general health perception; VT, vitality; SF, social functioning; RE, role-emotional; MH, mental health.

###### 

Related factors of the presence of LSS-positive in cross-sectional analysis in 2004

  Category 1            Category 2    OR              95%CI          *p*-value
  --------------------- ------------- --------------- -------------- -----------
  Gender                Female        0.813           0.558--1.185   0.2816
  Age (years)           40--49        Reference                      
  50--59                1.215         0.364--4.063    0.7513         
  60--69                1.101         0.356--3.408    0.8672         
  70--79                1.388         0.451--4.273    0.5675         
  ≥80                   1.718         0.511--5.773    0.3818         
  BMI (kg/m^2^)         \<18.5        Reference                      
  18.5--25.0            1.567         0.645--3.805    0.3210         
  25.1--30.0            2.938         0.834--10.374   0.093          
  ≥30.1                 2.372         0.235--23.935   4639           
  RDQ score                           1.158           1.117--1.200   \<0.0001
  Knee OA               Positive      1.926           1.339--2.769   0.0004
  Hip OA                Positive      1.729           0.838--3.567   0.1382
  Comorbidities         Respiratory   0.913           0.100--8.350   0.9354
  Diabetes mellitus     1.230         0.562--2.694    0.6045         
  Cardiovascular        1.148         0.682--1.933    0.6023         
  Cerebrovascular       3.294         1.107--9.798    0.0321         
  Hypertension          1.244         0.872--1.777    0.2288         
  Smoking               Pack-years    0.875           0.783--0.978   0.0183
  Depressive symptoms   Severe        Reference                      
  Moderate              0.736         0.345--1.573    0.4290         
  Mild                  0.967         0.488--1.914    0.9229         
  None                  0.685         0.398--1.177    0.1707         

**Notes:** RDQ score, knee OA, cerebrovascular disease, and smoking were identified as related factors of LSS-positive status.

**Abbreviations:** LSS, lumbar spinal stenosis; BMI, body mass index; RDQ, Roland--Morris Disability Questionnaire; OA, osteoarthritis.

###### 

Predictive factors of the occurrence of LSS-positive during the one-year follow-up period

  Category 1            Category 2    OR              95%CI          *p*-value
  --------------------- ------------- --------------- -------------- -----------
  Gender                Female        1.051           0.755--1.463   0.7674
  Age (years)           40--49        Reference                      
  50--59                2.249         0.821--6.159    0.1150         
  60--69                1.486         0.569--3.883    0.4189         
  70--79                1.716         0.657--4.483    0.2702         
  ≥80                   1.928         0.671--5.537    0.2226         
  BMI (kg/m^2^)         \<18.5        Reference                      
  18.5--25.0            1,561         0.662--3.682    0.3090         
  25.1--30.0            1.865         0.585--5.942    0.2919         
  ≥30.1                 2.087         0.334--13.036   0.4314         
  LSS in 2004           Positive      3.808           2.664--5.444   \<0.0001
  RDQ score                           1.049           1.013--1.086   0.0065
  Knee OA               Positive      1.385           0.995--1.928   0.0536
  Hip OA                Positive      1.106           0.558--2.191   0.7738
  Comorbidities         Respiratory   0.079           0.190--6.118   0.9315
  Diabetes mellitus     1.833         0.930--3.611    0.0800         
  Cardiovascular        0.781         0.477--1.278    0.3250         
  Cerebrovascular       0.742         0.256--2.147    0.5815         
  Hypertension          1.322         0.964--1.812    0.0829         
  Smoking               Pack-year     1.000           0.908--1.102   0.9970
  Depressive Symptoms   Severe        Reference                      
  Moderate              1.370         0.672--2.792    0.3856         
  Mild                  1.613         0.840--3.099    0.1510         
  None                  1.492         0.081--2.527    0.1365         

**Notes:** LSS-positive status and RDQ score in the initial analysis appeared to be predictive factors of the occurrence and/or presence of LSS-positive during the one-year follow-up period.

**Abbreviations:** LSS, lumbar spinal stenosis; BMI, body mass index; RDQ, Roland--Morris Disability Questionnaire; OA, osteoarthritis.

###### 

Risk ratio of leg symptoms resulting in LSS-positive during the one-year follow-up period

  Initial analysis             Occurrence of LSS-positive status at one-year follow-up   
  ---------------------- ----- --------------------------------------------------------- -----
  Leg symptoms in 2004   (+)   61                                                        301
  (−)                    22    427                                                       

**Notes:** The risk ratio was 3.439 of LSS-positive status at the one-year follow-up in subjects with leg symptoms to those without leg symptoms in the LSS-negative group in 2004.

**Abbreviation:** LSS, lumbar spinal stenosis.
